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ABSTRACT
Fruit and vegetable by-products are in general thrown away and can cause environmental problems, even 
though they are a valuable source of bioactive compounds, which may be used for innovative food production. 
The present work focused on achieving a new type of dessert, a “Sweetburger”, by restructuring its molecular 
components with the aid of molecular gastronomy techniques and using agro-industrial wastes (beetroot and sour 
cherry pulp and peels, melon pomace). The innovative dessert has been obtained and the bioactive compounds 
contained in the agro-industrial wastes have been characterized using the HPLC method, Folin-Ciocalteu and 
spectrophotometry. The total polyphenol content from sour cherries waste was significant, 508,9 mg gallic 
acid/100 g. The total anthocyanin content from beetroot pulp was 0,117 mg/ 100 g.
Keywords:	dessert, molecular gastronomy, by-products.
INTRODUCTIONFood production is one of the primary 
pillars of a country’s economy, becoming a major concern of contemporary society in the context 
of population growth, urbanization, and climate 
change. Moreover, food waste has also augmented, 
negatively contributing to the climate change, around 88 million tons of food is thrown away 
annually in the EU, in all sectors (FUSIONS, 2016) and therefore the ambition of biotechnology is to develop sustainable and innovative processes to 
valorize food by-products. In general, agro-food 
wastes have been used as fertilizers or animal 
feeds, but recent studies highlight their input to 
design new foods, as they are still a rich source of 
bioactive compounds, like phenolic compounds, antioxidants or fatty acids and their recovery 
could be economically attractive.(Baiano, 2014, 
Rudra et al. 2015, Vodnar et al., 2017,). 
Natural bioactive compounds from fruit and 
vegetables, such as phenolic compounds, are investigated for their potential to promote health 
and prevent human diseases.(Kumar et al.2017, 
Vodnar et al. 2017, Cătoi et al., 2013, Galea et al., 
2016, Cătoi et al., 2006 ).  With respect to this, consumers have oriented their attention for 
healthy foods, so the development of functional foods which can enhance health and maintain 
well-being, became a hot topic.  
The major utilization of fruit and vegetable 
is in the juice production, in which pomace is 
the main by-product obtained, consisting of peel, 
pulp, seeds, and stems of the fruit. Pomace is 
usually discarded even though it has a significant 
content of antioxidants, especially anthocyanins 
and flavonoids (including flavones, isoflavones, 
flavonones, catechin and isocatechin).(Mulabagal 
et al. 2009;  Seeram et al. 2001; Sojka and Krol 
2009).
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Red beet (Beta vulgaris) pomace has a high 
content of betalains, which are the pigments responsible for the color of the beet and consist 
of two main groups, the red betacyanins, and the 
yellow betaxanthins, (Vodnar et al. 2017), the most 
studied being the betanines and vulgaxanthins, 
which help detoxify the body, having an antioxidant 
and anti-inflammatory effect. (Lee et al. 2005). 
The phenolics present in the peel are l-tryptophan, p-coumaric and ferulic acids and cyclodopa 
glucoside derivatives. (Kujala et al. 2000).
Sour cherry (Prunus cerasus) pomace obtained after juice production may range from 15 % to 28 
%, depending on the process condition. (Toydemir 
et al 2014). Phenolic compounds from sour cherries pomace are represented by anthocyanins 
(cyanidin glycosides, hydroxycinnamic acids, 
especially caffeoylquinic and p-coumaroylquinic 
acids. (Chandra et al., 2009; Simunic et al., 2005)
Melon (Cucumis melo) or cantaloupe contains 
a variety of antioxidants and anti-inflammatory 
nutrients like carotenoids (alpha-carotene, beta-
carotene, lutein, beta-cryptoxanthin and zeax-
anthin), the flavonoid luteolin; the organic acids ferulic and caffeic acid; and two cucurbitacins—
cucurbitacin B and cucurbitacin E. (De melo et al. 
2000). The literature lacks information about mel-
on pomace, which can also be utilized as a cost-effective and valuable source for food enrichment.These fruit and vegetable by-products can be further used for innovative food production and 
different molecular gastronomy techniques can 
be utilized to reformulate the structure and the 
texture of food. With the techniques of molecular 
gastronomy such as spherification, gelling, 
emulsification, sous-vide cooking, lyophilization, a new vision of culinary preparations can be 
obtained.  The pioneers of this new trend are Hervé 
This, a French specialist in physical chemistry at 
INRA within AgroParisTech, and the Hungarian 
physicist Nicholas Kurti, who found the term to 
define the new field, molecular gastronomy, in 
1988.  Hervé This, sets out the underlying goals 
of molecular gastronomy in his book, “Molecular 
Gastronomy-Exploring the Science of Flavor”, in 2008: the investigation of the mechanisms underlying the transformations and culinary 
processes (from a physical and chemical point 
of view) in three areas: the social phenomenon associated with culinary activity; the artistic component of culinary activity and the technical 
component of the culinary activity. Food`s restructuring can be obtained with the aid of 
different natural polysaccharides or hydrocolloids, 
like pectin, sodium alginate, agar-agar, starches, 
cellulose, etc, extracted from different plants. These polymers have different chemical and 
physical properties and are frequently used in 
modernist cooking.
Agar Agar, a natural polysaccharide (starch) product extracted from certain species of red al-
gae, is a hydrocolloid used for gelling at high tem-peratures and as a vegetarian gelatin substitute. It can be used to create hot gels and cold gels that do 
not melt at room temperature, to thicken liquids, 
produce fluid gels and to clarify stocks. To activate 
agar, it needs to be boiled for two minutes and a gel 
will form as temperatures drop below 32°C. The 
gel melts at 85°C. The gel-forming component is 
agarose, gelling occurs as a consequence of alter-ing the conformation of agarose from spiral chain 
to the double helix, followed by their association 
and formation of gel network.. In molecular gas-tronomy is used to create agar spaghetti or small 
pearls of a flavored liquid. (http://www.molecu-larrecipes.com/hydrocolloid-guide/agar-agar/).Sodium alginate is another natural polysac-charide product extracted from brown seaweed and in molecular gastronomy is used to create spheres using the spherification technique devel-oped by Chef Ferran Adria at el Bulli restaurant in 2003. The resulting spheres have a thin mem-
brane of gel and are filled with liquid. It is stable at 
temperatures up to 150 ° C, but prolonged heating 
to an acidic or basic pH can destabilize the gel. It 
does not gel to pH below 3.7 and sodium citrate is 
used to increase the pH when using acid fluids. ( http://www.molecularrecipes.com/hydrocolloid-
guide/sodium-alginate-alginate-algin/)
Therefore, a new type of dessert which was 
called “Sweetburger” has been obtained within 
this research paper, by restructuring its molecular components with the aid of polymers and 
molecular gastronomy techniques (spherification 
and gelation)  and using agro-industrial wastes 
(beetroot, sour cherry and melon pomace) .
MATERIALS AND METHODS
Materials and chemicals
The red beet waste (Beta vulgaris), sour cherry 
(Prunus cerasus) and melon (Cucumis melo) were collected from a commercial juice producer and 
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transported in plastic containers at -20°C to the University of Agricultural Sciences and Veterinary Medicine Cluj-Napoca. The by-products were immediately crumbled and bioactive compounds were extracted as fresh samples.
Folin-Ciocalteu’s phenol reagent, sodium 
carbonate (Na2CO3), ethanol, gallic acid standard 
were purchased from Sigma-Aldrich (Steinheim, 
Germany).Sodium alginate, agar agar and 
calcium lactate were obtained from Biozoon 
(Bremerhaven, Germany).Other ingredients 
needed for the dessert (almond powder, soy milk, 
sun-flower seeds, pumpkin seeds and flaxseeds) 
were obtained from a local supermarket.
Extraction and analysis of phenolic compounds
The fresh samples of red beet, sour cherry and melon were individually extracted three times 
with 20 mL of extraction mixture (hydrochloric 
acid/ methanol/water ratio of 1:80:19) at 40°C 
for 30 min in an ultrasonic bath (Dulf et al., 
2015). After centrifugation (4000 g for 10 min), 
the supernatants were filtered; the filtrates were 
evaporated to dryness under vacuum, dissolved in 
methanol and stored (4°C) until analysis.
Total phenolic content from sour cherry waste 
extract and melon waste extractDetermination of total phenolic content 
(TP) was performed by using the Folin-Ciocalteu 
method (Dulf et al. 2016). 25 µl of each extract 
was mixed with 150 µl of Folin-Ciocalteu reagent 
(0.2 N) and 450 µl of 7.5% (w/v) Na2CO3 solution. 
The mixture was incubated for 2 h in the dark at 
room temperature (25°C). The absorbance against 
a methanol blank was recorded at 760 nm, using 
a spectrophotometer multidetection Bio tek. A standard curve was prepared using gallic acid 
(0.01–1 mg/mL), and the TP content in the extract 
was expressed as gallic acid equivalents (GAE) in mg/100 g dry weight of waste.
Analysis of phenolic compounds from sour 
cherry waste extract by HPLC
Chromatographic separation of the phenolic compounds from the sample extract was carried 
out on a HPLC system consisting of Agilent 1200 with a UV-Vis detector. The gradient mobile phase 
was used with a flow rate of 1 ml / min as follows:Solvent A is methanol/ glacial acetic acid/water:10/2/88 and for the solvent B the proportions are90/3/7. Separations of phenolic compounds 
were performed at 25°C, using 20 µl of sample and the chromatograms were recorded at wavelength 
λ = 280 nm.
Qualitative identification of anthocyanins by 
HPLC method LC-MS from sour cherry waste extract
The qualitative identification of anthocyanins from sour cherry waste extract was carried out on 
a HPLC-DAD-MS system, consisting of an Agilent 
1200 HPLC with DAD detector, coupled to an 
MS-detector single-quadrupole Agilent 6110.Separation of anthocyanins were performed at 35o C on a Luna column (250 mm x 4 mm, 5 µm) 
(Agilent Technologies, USA).
Total carotenoids from melon waste extract by 
spectophotometric methodTotal carotenoids from melon extract were 
determined by spectrophotometric method, using 
a double-beam UV-Vis spectrophotometer Jasco V 530. The sample was repeatedly extracted with a solvent mixture of ethyl acetate / methanol 
/ petroleum ether in a ratio of 1/1/1 (v / v / v). The UV-Vis absorption spectra were recorded on the wavelength range 600-300 nm and the total carotenoid content were determined.
Total anthocyanins from red beet waste extract 
by spectrophotometric methodThe total anthocyanins were determined by 
the spectrophotometric method, using a double-
beam UV-Vis Spectrophotometer Jasco V 530. The sample was subjected to repeated extraction with 
acidified methanol with 1% concentrated HCl. The UV-Vis absorption spectrum was recorded on 
	 	 	 Tab.	1. Column gradient mobile phase program
Time (min)0 10 30 45 55Solvent A % 100 85 50 15 100Solvent B % 0 15 50 85 0
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the wavelength range 700-220 nm and the total anthocyanins were determined. 
Dessert construction For the construction of two ingredients of the 
dessert, the reformulated “mustard”, “ketchup” 
and slice of cheese, two molecular gastronomy 
techniques were used, specifically spherification 
and gelation, described below. 
Spherification method was used to obtain 
the reformulated “mustard” for the Sweetburger, 
using melon pomace, 0,5% sodium alginate and 
1% calcium lactate. The controlled jellification 
of the liquid which formed little spheres when submerged in the bath of sodium alginate occurred 
(reverse spherification). The calcium ions 
diffused from the droplet into the alginate bath, 
forming a gel coat outside the droplet of flavored 
liquid. Gelation method was used to obtain the 
reformulated “ketchup”, made out of sour cherry 
and red beet pomace juice, were homogenized 
with water, 2% agar agar at 100 mL liquid and heated at 85o C to dissolve the agar. The solution was transferred to a silicone tube and subjected to 
thermal shock at 0oC to form the “spaghetti”. The 
“slice of cheese” was also obtained by gelation and 
using soy milk, which was homogenized with 2 % pectin and then boiled in order to obtain a soy 
milk jelly, which substitutes the slice of cheese.
Results	and	Discussion
Total phenolic content from sour cherry waste 
extract and melon waste extract
The total polyphenol content (TP) of extracts 
measured by the Folin-Ciocalteu method, expressed 
in mg gallic acid equivalents per 100 g were as fol-
lows: sour cherry extract 50.89 mg GAE/ 100 g and 
melon extract 41.74 mg GAE/100 g.
Analysis of phenolic compounds from sour 
cherry waste extract by HPLC
HPLC analysis revealed that the phenolic acids, gallic and ascorbic acids are the most predominant in sour cherry pomace extract. Other prevalent phenolics were hydroxycinnamic acids: caffeic 
acid, chlorogenic acid, p-coumaric acid, ferulic acid; 
flavonols :catechin, epicatechin, gallocatechin, 
epigallocatechin gallate, gallocatechingallate. 
.Anthocyanins, as part of the flavonoids group, 
are known to play an important role as potent 
Fig.	1. HPLC chromatogram for sour cherry pomace extract. Peak 1-ascorbic ac., 2-gallic ac., 3-gallocatechin, 
4- protocatechuic ac., 5-epigallocatechin, 6-catechin, 7-chlorogenic ac., 8-caffeic ac., 9-epigallocatechin gallate, 
10-epicatechin, 11-gallocatechingallate, 12-ferulic ac., 13-sinapic ac., 14-resveratrol, 15-anthocyanins
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antioxidants, contributing to the reduction of 
oxidative stress. (Kim et al. 2004). 
Qualitative identification of anthocyanins by 
HPLC method LC-MS from sour cherry waste extract
The anthocyanins identified in sour cherry 
pomace by HPLC-DAD technique are presented in the following chromatogram of the extracts re-
corded at 520 nm. (Figure 2).  Delfinidin-3-gluco-
side, cyanidin-3-glucoside, petunidin-3-glucoside, 
peonidin-3-glucoside, malvidin-3-glucoside and 
malvidin-3-arabinozid were the most important anthocianyns found.
Total carotenoids from melon waste extract by 
spectophotometric methodTotal carotenoids from melon juice were determined by the spectrophotometric method.The total carotenoid content determined by 
spectrophotometric method was 5,024 mg/ 100 g.
Fig.	2. Chromatogram for anthocyanins content in sour cherry pomace extract by HPLC LC-MS 1.tR=13,2 
delfinidin-3-glucoside;2. tR=16,0 cyanidin-3-glucoside;3. tR=17,7 petunidin-3-glucoside, 4.tR=21,7 peonidin-3-
glucoside;5.tR=23,6 malvidin-3-glucoside;6. tR=28,0 malvidin-3-arabinozid.
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Fig.	3. UV-Vis absorption spectrum Melon extract (dilution 4),A447 = 1.0531
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Total anthocyanins from red beet waste extract 
by spectrophotometric methodThe total anthocyanins content determined by 
spectrophotometric method was 0,117 mg/ 100 g, the red color being due to betalains.
Dessert construction 
The reinterpreted burger has been obtained, wherein the salty components have been replaced 
with sweet ones. The burger bun was replaced 
with a biscuit made of almond flour, the meat 
with a paste of sunflower, pumpkin and flax 
seeds, the slice of cheese with soy milk jelly, the 
mustard and ketchup were restructured by using sodium alginate and agar agar. The mustard was substituted with spheres of melon pulp and 
instead of ketchup - spaghetti, made of beetroot and sour cherry wastes.
Fig.	4. UV-Vis absorption spectrum for red beet waste extract; 
A535 =0,1990, A470 =0,3387
Fig. 5. Sweetburger, a reinterpreted burger.
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CONCLUSION
This paper highlighted that agro-food wastes, 
such as red beet, sour cherry and melon pomace, are still rich in bioactive compounds and can be 
valorized for innovative food products, like the 
reinterpreted dessert, Sweetburger.
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